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20. ABSTRACT

The data confirmed that the Ranger trainees have large losses of body
weight during portions of the 8-week training cycle. Sinca the training protoco
has extended peariods of caloric restriction (some quite sevare), body weight 100;
was axpected and therefore only the magnitude and the physiological significance
of these losses raequired documentation, Body weights decreased an average of
9.4% (6.8 kg or 14,9 1b) by the end of the l2-day caloric rvestriction~jungle
oxercise. Bome men lost over 15% of body weight. Body composition data indi~
cated that 57X of weight loss was fat§ however, data revealed that large perceant
sges of the losses were water and protein, an intolerable loss: A small subpopu:
lation indicated during interview that the men consuded about 12,100 kcalories
from sources outside of the military dining roon before the jungle exarcisa.
This would bs equivalunt to 1.57 kg (3.5 1b) of body weight per man. Without
the supplemental calories from outside sources, woight losses could have aver~
lgod nsarly 12%, A loas for otherwise normal waight adulta that appsars axces-
siva, '

—g

Froum the limited blood biochemical constituents examined, the indications
of the nutriciotval stress were: the increase in percentags of traineas with
less=than=acceptablae values for hematoarits, ssrum iron concentrations, and
transferrin saturationj the slight but significant dacrease of ssrum proteins
wvhich suggeasts a dapletion of labile protein storas; and the marked increase in
ssxum potassium, and decrease in serum phosphorous indicating the pressnce of a
significant though transiant metabolic acidomis, Elavated urinaxy specific
gravity in the specimens indicated thiat the body was attespting to conserve

water,

The various measursmants of physical performance capacities on the traad-
uill shoved a dacrament of 10 to 3% iumediately after the caloric resstriction=
jungle training, Although several factors including fatigue, metabolic acidosis
and reducad total body water may have contributed to these decraases, the majox
portion of each of the decrements waw still observed 3 to 4 days after training
was complatad when water balance should have been normal, the matabolic acidosis
should have been corrected and the men had the opportunity to obtain a few good
nights of vest, The loss of luan body maus due to catabolism of tissue protein
to satisfy a caloric daficit would not be corrected in this tima frame. The
sffacts of fatigue aftar the strenuous field sxercise would be anticipated; but
the longer tarm detrimental effecta upon psrformance should be prevented if

posaible,

These data provided the basis for recommending a 10X increase in rations
during the Ft. Benning/Camp Darby phase and a 15X increass during the remainder
of the training whan reduced rations are not required by the training protocol.
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ABSTRACT

In responss to a request to avaluate the requirement for an in-
creased ration allowance for trainees by the Ranger Department, United
States Army, a study was conducted throughout one training cycle on
the men enrolled in the coursa. Body weights, skinfold thicknesses,
sslected body circumferences, and urinary chemistry values were meas~-
ured several times from pretraining until graduation, Treadmill per-
formance tests wers conducted, blood samples were obtained for analysis,
and additional anthropometric parameters weia measursd pre and post
training. '

The data confirmed that the Ranger trainees have large losses of
body weight during portions of the B-week training cycle, Since the
training protocol has extended periods of caloric restriction (some
quite severs), body waight loss was expected and therefore only the
magnitude and the physiological significance of these losses required
documentation. DBody weights decreasad an average of 9.4% (6.8 kg or
14,9 1b) by tha end of the 12-day caloric restriction-jungle exercise.
Some man lost over 132 of body weight, Body composition data indicated
that 57% of weight loss was fat; however, data revealed that large par-
centages of the lomses were water and protein, an intolerable loss, A
small subpopulation indicated during interview that the men consumed
about 12,100 kcalories from sources outside of tha military dining room
before the jungle exercise, This would be equivalent to 1.57 kg (3.3
1b) of body weight per man, Without the supplemental calories from
outside sources, veight losses could have averaged nearly 12X, A loss
for otherwise normal weight adults that appsars excessive.

From the limited blood biochemical conatituents examined, the
indications of the nutvritional stress were: the increase in parcentags
of trainaes with less-than-acceptable values for hematoecrits, serum
iron concentrations, and transferrin saturation; the slight but signif-
icant decrease of serum proteins which suggeste a depletion of labile
protein stores; and the marked increase in serum potassium, and decrease
in serum phosphorous indicating the presence of a significant though
transient metabolic acidosis, Elevated urinary specific gravity in the
specimans indicated that the body was attempting to conserve water.

The various measursmente of physical parformance tapacities on the
treadmill showed a decrement of 10 to 151 immedimtaly after ths caloric

restriction-jungle training., Although several factors including fatigue,

metabolic acidosis and reduced total body water may have contributed to
these dacreases, the major portion of each of the decresments was still
observed 3 to 4 days after training was completed when water balance
should have been normal, the metabolic acidosis should have been cor-
rected and the men had the opportunity to obtain a faw good nights of
rast. The loss of lean body mass due to catabolism of tissue protein to
satisfly a caloriec deficit would not ba correctad in this time frame.

The effects of fatigue after the atrenuous fiald exarcisa would be
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3 anticipated; but the longer term detrimental effects upon performance ‘i
‘ should be prevented if possible.
Thease data provided the basis for recommending a 10X increase in X'
rations during the Ft. Benning/Camp Darby phase and a 157 increase ;
3 during the remainder of the training when reduced rations are not re- :
' quired by the training protecol. |
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PREFACE o

Wa wish to thank COL David E. Grenge, Jr., Commsnder of the Ranger

Training Center, Ft. Benning, Georgia and his staff for coopsration and
outstanding support. A particular expression of gratitude is extended g
te the following officers assigned to the Ranger Training Center, Ft. 3

& Benning: LTC W. R. Smith, Exscutive Officer; MAJ Dean W. Knox, Oper-

ations Officar; and CPT John C. Grimsley, Project Officer for the Study;

0o and to LIC William D, Old, II, Commander, Florida Ranger Camp, Eglin

AFB, Florida. In addition valusble support wsas provided by personnsl

from the Fort Banning MEDDAC then commanded by COL George S, Woodard,

MC and later by COL John W, White, MC, In particular the support of

COL Olin C, Dobbs, Jr., MC, Chief, Preventive Madicite was grvatly

i apprecisted,
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The preliminary results and recowmsndations arising from this gtudy

}j i were discussed with LTC Smith and CPT Grimsley of the Ranger Training :

, Center; LTC Richard B, Stolts, MSC, USA Infantry Centei} and COL Olin g

3 Dobbs, MEDDAC immediately after completion of the study. The formal .
v recommendations were forwarded to the Ranger Department, US Army Infan~ C

try Center in March 1976, i

The three year delay in organizing and completing the study and in
providing the findinge and recommandations following submission of the ]
request is most regratted. The request for a study had besn telephon- o
ically provided USAMRNL sbout one wonth after initial submission, At ;
that tims, USAMENL, Denver, Colo. was scheduled for termination with
transfer of functions to the Letterman Army Institute of Research, San
Francisco, Ca. before the and of CY 73, Many projects that could best
bs completed from the Denver location had besn scheduled by the Bio-
enargatics and Chemistry Divisions. This study at the Ranger Center
vas falt to be important and was accspted with the undarstanding that
it would have soms limitations. Unfortunately personnsl losses without
replacament prior to the trairfer of functions from Denver to San Fran-
cisco ware greater than expected. After transfer the delay in replace-
ment amploymsnt and/or assigrment was far longer than was projected.
This resultad in aignificant delays in the analysis of collected spec-
imens and data. Many of the Biocenergstic and Chemistry Divisions per-
sonnel vho contributed significantly to tha data gathering did not
transfer - hence data snalysis had to be complsted by others.

Due to the multiple changes in personnel many individuals have 3
been involved in the complation of the written report., They have each
contributed aignificantly and a strong word of thanks is indicated to -
include in the ssquence of support: Catherine M, Robsonj William J,
Canham; Ann L, Wilkinson; Lottis s. Applawhite; J. Elaine Watson and
Wanda R, Zweigle.

111 |

PP RoA - TR AL A e Ly ks (VLR - AL PS03 111 TR SRS AUEL, i B BRLTE — 0 R TWTIY TR

’ Ty e “ﬂ‘;&""‘ L
T P an, A
SN L
R AR . RiA ™ ‘ﬁ?,:ﬂ“"\;;“ i LY
i RN .

N L 3 A tve PR ORIV 0w v ey

e

i Ml M&Mnmmh“ﬁhwmmmx o




g ¥
8 3
£ & X
: i i
{ ' A
) 7 TABLE. OF CONTENTS

ti Page

- Ab‘tr'ac t [] L) . 1] * L] L ] » . L) » * [ ] . . " L L ] . L] » L] . . L] . L] [] 1 :I
'5: ::i:;‘; Pr.f.C. * L] . . » * L] L ] L] L] . [ . . L) L] L] L[] * [ ] ' . L] L] L[] L[] * . iii ,3
i W i

) g I T.bl. Of Cont LY o - O T v 3

a

15

g BODY OF REPORT
E\‘ INI'RODUCTION...-..o.o.......‘......... 1 \

i i el

Mmons . “ L] ‘ L] L] L] . . [ L] L] . L] L ] L ] L] . L] L] . * . L] . [ 4
REst [ ] . . L] L . L] L) . L] . L] L] . L ] . . . . . L] . * * * L] 5

.'. A DISCUSSION, 4 4 ¢ o ¢ o o o o o ¢ o s o o 5 0 5 6 8 s o s o o 9
)‘ comLustoNs..ocoo.‘loo000.0.00...00. 17

(’.i j RECOMMENDATIONS & o + + o o « ¢ o o o 4 s 6 8 8 8 s 3 0 ¢ + ¢ 18

”. r‘ REFERENCES. o o v v o o o 0 v v b v v oo b o v oo nnnos 19

| ;‘\ APPENDICES

“é Y Appendix A (Calculated daily energy expenditures) . . . . . . 21 :
3; 5 Appendix B (Figures 1 through 2) . + v ¢ v ¢« ¢+ s ¢ o ¢ 0o ¢ & 23 i
3 : Appendix C (Tables 1 through 27). o v o o o v 0 0 0 v v v v s 27 :
,fv { Appendix D (Trainees with weight loss, D-1 and D=2) , . . . . 43 ?

;-i f‘-‘ DiltributlonLiot.........-............. 48

‘ !
A .
: i P
| '1-)_ I
* ]
n ,
‘3
: z
! H
a Y4
i b
- 3
) ‘ i \
* kA
j: b
i b

tte i 8 o e b b ¢ Ao

TNy oy o WPV gy o1 Ay Y

A ., N «“ o . . 1 e . I
R 20 AU i i o ity o i




sre

et

]

s

]
INTRODUCTLON {3

%

L i Background

' Daily heavy physical exercise for extended periods increases ca-
: ' loric requirements, If the calories are not supplied in the diet, P
losses of body weight will occur, Large weight losses by normal men o
] b during an extendad period of severs calcric restriction reduce physi- )
i G cal performance capacities. Recovery and return to normal capabllity
o ‘}'ﬁj may raquire several monthe.” The amount of weight loss necessary to
i A reduce performance and the positive influence of heavy physical train-
A o ing during an extended period of caloric deficit have not been re- i
y solved. It ie known that the amount of weight loss resulting from i
}r caloric=deficient diets varies from person to person.

Ranger training for military personnel demands physical endurance
because of activities, long hours, and several periods of caloric res-
P & triction., Ranger training is divided into three phases: (a) 21 days R
at Ft. Banning for physical conditioning and basic tactine, (b) 17 i
3 o days in the mountains of North Georgia for mountain tactics and prob- S
f lems, and (c) 18 days in Florida (6 days for classroom instruction and
0 preparation, and 12 days for a jungle exercise),

i oEmie NEACAS e

& A nutrition survey was conducted in 1964 by the U,S, Army Medical i
i 4 Research and Nutrition Labontoryz on the Ranger trainees during the C

i. Ft. Banning phase of training, Food consumption averaged 4,400 kcal/ VI
4 : day including 270 kcal/day from outside-of-dining hall consumption. oy
i The 4,130 kcal/day consumed in the dining hall included the normal

i . daily issus plus a 102 increase authorized by the post surgeon und iss-
ued surplus commodities. Caloris expenditure averaged 4,850 kcal/day
based on the measured caloris intakes, body weight chmsu. and energy
costs of activities recorded during time-and-motion studias. A 252
increase in the daily ration issues was recommended and approvad in
! 1965 by The Surgeon General (TSG), Department of the Army. This in-
b creass was reduced to 15% in 1967 by T8G in accordance with changes
) i in AR 31-200. It was assumed that the alterations would provide as
g many calories as the previous increased issues; md the findings of
1 Y the 1964 survey were judged to be "no longer current." The Ranger
A i Department, in their request for continuation of the 23X increass,
g stated that the Ranger student was working 132 hours per wesk in 1969 y
compared to 102 hours per week in 1964 since training had bean reduced
from 9 wvoaks to 8 wesks without deleting any part of it. The Army
Food Center, in 1969, rejected a request for comtinuation of any it

lttmts e T e

1. Kays, A.A., ot al, Human Starvation. Minnespolis: Univ Minn 19

j ‘ Press, 1951 ]
E $ 2, Consolazio, C.F., st al, USAMRNL Lab Report No. 291, FGR, Denver, -,
28 Jan 1966. ‘
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increased issues on the basis that the current issue of 4,600 kcal/day
exceedad the previously established requirement of 4,500 kcal/day

The Army Food Center incorrectly assumed that 4,600 kcal/day derived
from the Master Menu was equivalent to that amount available for indi-
vidual consumption within the dining facility, Another request for a
nutrition survey was initiated during April 1973 by the Ranger Depart-
ment, The requeat stated:

"The strenuous nature of Ranger training has not been
reduced, if anything, it has been increased, The Nanger
course consints of approxiwately 1,007 hours of actual
instruction in 8 waeks and 2-1/2 days, This is an avarage
of 17 hours per day which is twice the activity per man when
compared with other school students. Most of this i{nstruc-
tion ia practical sxercise conducted in the field under sim=-
ulatad combat conditions with only as much classroom and
bleachey instruction as nacessary. During the course the
studant eats 133 meale, Of these, 81 are prepared in the
mess halls and the rest of the time he subsists entirely on
aither Meal, Combat, Individual (MCI) or Food Packet, Long
Range Patrol (LRP) rations. As a result of the arduous and
physically demanding training and current level of ration
issue, the Rangear Departmant consistently receives major
adverse student comments citing the inaufficient amount of
food provided during the Ranger Course, This situation is
further magnified during the wet, cold winter months and
whenever a class is comprised of predominantly junior en-
listed man such as Class 8-73 in which tha average age is
23 years,

Because of the continuing adverse student comments the
Ranger Department feels that Ranger students are not receiv~
ing adequate nutrition for sustained vigorous physical activ-
ity as defined in Para, 4C, AR 40-25, Aug 1972==«=, A one-
third ration/day increase is recommended for tha reasons
already stated herein plus the fact that Ranger training is
conducted in a remote and isolated environment which negates
the Ranger students' supplementation with food from outside
sources,"

Presently the Ranger training plan consists of 6 days of caloric
restriction (3 days of 2 meals/day and 3 days of 1 meal/day) during
mountain training and one l2-day exercise with 1 meal/day during jun-
gla training. The Ranger Department has indicated that individual
weight losses of 26 pounds weres ot unusual during this training.

During the caloric restriction phase, meals are provided in the
form of operational rations either Meal, Combat, Individual (MCI)
or Food Packet, Long-Range Patrol (LRP)., The average caloric contemt

Ve TSR Ui v i@ T ANV
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of the MCI is 1,185 kcalories if the entire contents of the meal

sre consumad. The average caloric content of the LRP ias slightly laess
at 1,103 kealories per packet if the entire contents are consumed.
During the l2-day jungle traiuning exercise during which only one meal/ 3
day is normally provided, provisions are made for the addition of one Lo
i or two more meals during the l2-day period if the men appear to be in :
'-1 fi need of additional nourishment. During the training cycle studied,

; I 13 MCI msals were provided for the 12-day exercise. To insure an i
9 B adequate intake of water duving the jungle distary restriction phase, 1
& each trainas was issued two cantesns and they were encouraged to drink 1
! as much water as possidlae. 1

i E Objective of Study ;

! The major objective of this study was to determine if incrassed !
f rutions would be required teo prevent any deterioration of the sol-

¥ . dier's physical or nutritional status during Ranger training, To eval-
i uate the sffects of extended periods of ealoric vestriction during

Gaert ein o,

PN XS

i heavy physical training, the following changas were mcnitored: (a)
B body weights, (b) selected biochemical parameters of the blood, (¢)

i skinfolds and selected anthropometric msasurements, (d) urine chemis-
i try valuss, and () maximum and submaximum work performance during

‘ a treadnill testing.
1

|

l

!

1! v Milieary Justification

| i This Activity has the mission to evaluate the ratioms provided :

;- Lo to military man/voman to ensure that adequate nutrition will be proe Vo

i - vided to him/her under a variety of duty requiremants and that his/her i

i effective diuuy performance will not be impaired by impropar

N nutrition,3r»d The garrison or Class A ration has been adequate for

! e most duty assigunments, hovever it was obsarved in 1964 chat the Rm!u-
trainess at the Ramger Training Center required additional ratioms.,

b ewbad DLImie el e Al D3z i

3

T=meT

{
!
3 Since this incressed food allowance has been terminated, it vas neces- '
- sary to obtain current data to resvaluate the daily requirements of §
2
é

!, “ Rangers during training, This intensive training is intended to in-
¥ crease physical condition and efficiency as well as improve military
’ skills and self-confidence., However, excessive body waight losses
during training may be detrimental to one's physical and mental well-
being and learning capability, Soma waight loss 1s expected eince
dietary limitations are imposed to simulate combat situations.

L
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3. Madical Services Nutritional Standards, AR 40-25, August 1972,

ENCETT . 2
et S a2l

4. RE&D, DOD Food Research Development, Test and Engineering Program,
AR 70=3, June 1975,
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METHODS o

The Ranger trainee class of 31 July through 27 Saeptember 1973 was
| studied. Of the 298 male applicants, 212 were enrolled and 135 com-
; pleted the 56-day training cycle, The graduactes included 8 Laotions,
Al 2 Indonesians, 2 Canadians and 108 US Army and Marine Corps personnel.
¥ Questionnaires regarding date and place of birth, race, military hie-

: tory and occupation, smoking history, et cetera, were administered

to the early arriving student trainees during the week before training.
The average age of the 135 man who completed training was 23.94 t 3,92
years and their heights averaged 175,7 ¢ 7,0 em (5'9.2" ¢ 2,8"),

. Control or pretraining and posttraining measurements were made at Ft,

s Benning, Georgia; intermediate measurements were obtained at the Frank
Merrill Mountain Camp in North Georgia and at the Ranger Jungle Camp,
Eglin Air Force Base, Florida (Table 1).

Body weights were obtained in the nude fasting state after void-
: ing. Skinfold thicknesses were measured on the right and left triceps
! and inferior to the tip of scapula, right and left, Body circumfer-
1 ences ware obtained at the xiphosternal leval of the chest, waist, and
1 buttocks, plus extremity circumferences of the forearms, biceps and
calves, The lateral chest, bihumeral, and bidelteid diameters were ! §
maasured, ; s

| Each day that the men were weighed, a specimen of the first urine
{ voided in the morning was obtained., Specific gravity was measured

A with a refractometer and pH by a commercisl test strip, Taest strips
)
f

were used to obtain valuas for glucose, ketones, blood and protein

on these samplas, Approximately 25 ml of blood were drawn from each

A available man after an overnight fast before training and again on the
n morning following the l2=day caloric restriction-jungle phave. Each

M of these blood specimens was dividad into two samples: First, an

o sthylens diamine tetraacetate tube for hemoglobin and hematocrit deter-

ﬂﬁ minations and second, a serum sample for the determinations of total E
’| protein (refractive index mathod), vitamin C, iron, iron binding ca-
! pacity, gercent iron saturation, calecium, phosphorus, sodium and po-
3 tassium, 3
f{f Sixty-two man from the early arrivals were salectad for measure- f

| ment of maximum work capacity on the treadmill after a physician had
| . obtained and evaluated an slectrocardiogram of each man. Thia test was
‘ repeated on 14 of these men one day after the caloric restriction-
b jungle phase and again on 25 men (including the 14) who completed the
- cycle 3 dlgl after training, The treadmill test was a wodified Balke
. : technique,® After monitoring reapiratory gases for 5 minute through

! ! ¥, Sauberiich, H.E,, at al, Laboratory Tests for the Asseasment of i
4 \ Nutritional Status, Clevalandy CRC Press, Inc,, 1974, ¥

- 6. USAF SAM Proj, #21-32-004, Rpt #1, Randolph AFB, April 1952. N
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tha continuous gas pattern unalylnr.7 the man walked at 3,4 miles/hr
on a level treadmill., After each minute, the treadmill was raised 1%
in grade until the man vas unsble to continue the walk and the subject
terninated the activity. Continuous messurements of pulse and respi~
ratory rates, sxpired gas volume, oxygen and carbon dioxide content of
the expired gas, and envircumental humidity and temperature were re-
corded on computer input taps for the S5-minute preexercise sitting
rest period through 5 minutes of postexercise recovery. These data
were then processad by computer to obtain the values for maximal work
capacity., In addition, caleculations wers made by using the 10 to 11
minute (10% grade) values for a standardized submaximal work level,
Copies of tha Ranger Scors Sheats (cadre and peer ratings of each
treaines for performance during field exercises in each phase and the
physical training test score) were obtained. Correlations of the
appropriate weight changes and initial body weight with the final
total scors and various parts of the scors wers performed.

The data obtained from only the men that completed training were
statistically evaluated by using paired ox unpaired-T tests, analysis
of variance, linear correlation analysis and Neuman-Keul's Multiple
Range Tasts as appropriate, Significance was tested at the 5%
confidence levals.

RESULTS

Body weights and circumferences (Table 2) significantly decreased
from pretraining through the wmountain phase and then incressed during
the 6 days in the jungle camp before the fisld exarcise. At this
t!ae, the chest and buttocks circumfexences returned to pretraining
Vviilues whils the weights and waist circumferances wera slightly but
significantly less than the first values. The 1l2-day fisld study with
caloric restriction reduced body weights 5.93 kg (13.0 1b) concomitant
with reductions in the circumferences. The total weight loss from
the atart of the training through the restriction period averaged 9.4%,
The individual data showed that 43X of the American men lost over 10%
of .their initial weights and 4% of these man lost over 15%, The 5 men
with the largest waight changes had an average loss of 13.9 kg (30.6
1b - ranging from 23.8 to 38,7 1lb). Although the avarage weight of
the total group returned to withiam 1.5 kg (3.3 1b) of their initial
wveaights, these 5 with the largest losses were still between 11.8 and
23.5 1b (average 19.0 1b) balow their pretraining weights. During
restriction, the chest circumference was reduced 4.03 cm (1.6 inches)
but returuned to within ).5 cm of the original measurement after day 1
of recovery. Ths waist msasurement was decreased 4,77 cm (1,9 inches)
vhile the buttocks was reduced 3.27 cm (1.3 inches) during the jungle
exsrcise. After one day of normal military weals, the buttocks re-
mained unchanged wvhile the walst increased, remaining 3.11 cm (1.2
inches) less than the first ssasurement,

7. Nelson, R.A., et al, USAMRNL Report No. 318, FGH, Denver, May 1968.

5

SRIVANNRIOTMD




) Although all of the decreases in ths extramity circumferences and
: body diameters (Tablae 3) measured only bafore and after training ware
highly significant, the percent changes ranged from only 1.3 to 3.5%
except for the bicepa, The bicep circumferences were reduced by over
6.3% for both the right and left arms,

The bilateral skinfold thickneases, reflecting tha amount of body :
; fat (Tabla 4), decreased from the start of the training through the l E
? entire measurement period except for an increase at the evaluation . _@

i conducted at the end of the prerestriction-jungle phase. The :21:k~ S
] : nesaes of the tricaps wers reduced by 37,0% (right) and 38,42 (left) N
: and the subscapulae by 28,6% (right) and 29,3% (left) of their initial o
; valuas, Of the total decreasaes in skinfold thicknesses, 21 to 25% ;
occurrad during the Benning phase and another 40 to 52% was found !
after the mountain training. However, skinfolds increased during the
first 6 days of the jungle phase resulting in a net 50 to 54X of the
total decreases occurring prior to prolonged caloric restriction, " E
Thirty to 38% cccurred during, and the remaining 10 to 202 after, the !
caloric restriction portion of the jungla phase, ;

i

risons of body weight and body fat changes estimated from o
anthrggzzzciic data (Tagle 5) indicate that essentially all of the
weight losses through the mountain training phase could ba attributed
to loss of body fat., During the 12-day caloric restriction-jungle ex-
ercise, 60,4% of the waight loss appeared to be fat. The total fat
lost was about 26% of the body's original fat stores, while lean body
mass losses were about 3,7% of initlal amount present. '
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The urinary specific gravity levels (Tabla 6) were relatively
high throughout training and they showed a minute decrease on the last
day of measuremant, The highest specific gravities (significantly
increased) were at the ends of the Ft, Benning and the jungle calorie
restriction phases. The pH of the urines varied within the normal
range, All of the powsitive reactions for glucose, ketonss, blood, and
Protein were trace or light. There were significant incidences of the
Presence of ketonss immediately after caloric restriction at the end
of the mountain and jungle phases., No significant incidences of posi-
tive reactions for urinary glucose or blood were observed. All posi-
tive reactions for glucose were from one trainee (4 of 8 specimens).
- The greatast incidences of positive urinary protein ware cbserved
o imnediately after the caloric restrictinn Jungle exercise and after the
. caloric restriction during mountain training., In both instances, the
= incidence of urinary protein decreased with time and by the end of the .
= study the incidence was not significantly greater than at the initi-
. ation of training. The urine specimens from each man shoved 3 men with
H,{ 6 positive, 1 man with 5 positive, 10 man with 4 positive, and the
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remainder of the men with 3 or less positive protein resctions.

Changes observed in the blood and serum values in samples obtained
during the week before training and again on the morning following the
12-day caloric restriction-jungle training can be observed in Table 7.
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The serum vitamin C concentrations were significantly increased by
36,7% when comparing the posttraining valus to the pretraining level,
Although the hemoglobin valuas were significantly increased (but only
2.7%) after training, the hematocrit was unchanged., Iron binding
capacity decreased only 3.4%, which was significant, but serum iron
concentration and transferrin saturation remained unchanged., The 6,5%
decrease of serum phosphorus, 26.8X increase of serum potassium and
2.3X decraase of serum protein were highly aignificant while serum
calcium and sodium concentration did not change. The limited bio-
chenmical values obtained were ovaiua:cd using the criteria established
for the National Nutrition Survey , The raesults are contained in
Table 8, Serum ascorbic acid values ware acceptable for all trainees,
both pre and post training., Values for total proteins were all accept-
able pretraining with one "less than acceptable' post training, Pre-
training, 9.2% of the hemoglobin values and 31,3% of the hamatocrit
values wete "less than acceptable" vhile only 3,7% of the hamoglobin
but 36.6% of the hematocrit valuas were ''less than acceptable' immed-
iately after training, Thera were 4.7% of the serum iron valuas and
2,3% of percent saturation of transferrin values "less than accepta-
ble" pretraining but 10,5% and 7,72 respectively, were ''less than
acceptable" immedistely post training. In Table 9, the number of
traineeas with "less than acceptable" values for two or more of the six
parameters avaluated is prasented.

The maximum work performance measured providad the data prasentad
in Table 10. Tha time required to complete maximum work performance
did not permit avaluation of more than 14 men on the day iwmediately
follawing completion of training., These same 14 man and 11 others
vera again evaluated 3 or 4 days later in the recovery phass, The
work times of the men were significantly less after training, both
immediately for 14 men and 3 to 4 dave later for 14 and 25 men (in-
cludes the 14 man). Since the time to reach maximal performance waa
reduced, tha work oxygen consumption was decreased 26,3%, Both work
oxygen and total (sum of work and the S-minute postwork oxygens) oxy-
gen consumptions ware significantly increased during recovery compared
to imadiately after training. Howaver, the recovary valuas ware
still significantly less than the control valuas, The Balke Index,
which {s a measure of the amount of work performed, was raduced over
161 immediately after training and then increased significantly by 7%
but did not reach the pretraining values, Physical Fitness Index (PFI)
ancores basad on racovery heart rates were not changad significantly,
The data listed in Tabla 10 for tha 36 man in the pratraining phase
were obtained from men who failed to completa the training cycle,

The resting, submaximal, and maximal work heart rates (Table 11)
vere all significantly decressed immediately after training and all,
except for maximal, had returned to novmal when they were tested 3
days later., Respiration rates were minimally affected,

§, O'Neal, R.M,, ot al, Pediatr Res 4:103, 1970,
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: The ventilation volumes (Table 12), both under smbient and stan-
4 dard conditicns, wers reduced immediately after training and these

i ‘- decreases were significant for the submaximal end maximal work. After
k ' 3 days of recovery, the rasting and submaximal work ventilation vol-

Ef' umes were significantly higher than aither the pretraining valuss or

' immediately~-after-training valuss. The maximal work values, although
significantly increased over the immediately-after-training values,
ware significantly less than the control values.

e

{ | The data in Table 13 show that respiratory quotients were in- .
creased for the recoVery measurement at rest and for the immediately-
after-training and recovary times during submaximal work, Carbon di-

) : oxide production was significantly reduced during maximal work both

: immediately after training and 3 days later but was sigunificantly in-

creased for the recovery measurement at rest snd for submaximal work.

Oxygen consumptions in liter/min and ml/kg/min (Table 14) were
significantly increased at vest for the recovery measurement. For
submaximal work, the oxygen consumptions in liter/min were reduced ;
iomadiately after training and 3 days later; but this reduction disap- 2
: peared vhen consumption was adjusted for body weight. Maximal oxygen
i 1 consumptions were significently reduced at both times after training
i although soma increass had occurred between the immediats and the 3-
day posttraining mesasurxements.

e e e e

1 Yow significant differences were obtainad vhan comparing the 36
B . nan who were dropped before the sixth wesk of training to the 25 who ¥
' completed the training. Both the work and total oxygen consumptions

i (Table 10) were 15 and 12% lower, respectively, for the nonfinishers.
| The tvo indices of performance capacities were significantly lower for
4 : the nonfinishers (Balke, 7%; PFI, 12X). The nonfinishers, also, had

| increased respiration rates (13.4% ~ Table 11) and respiratory quo-

{ tients (5.9% - Table 13) and decrsasad oxygen uptakes in liter/min
(6.8% ~ Table 1l4). Howaver, the 5.6% lower oxygen upiakes in ul/kg/min
- vere not eignificant.

We evaluated a totel of 273 men who had raported to the Ranger

A Dapartment as potential participants in this training cycle. Some

: potential trainees ware not able to successfully complate the physical

fitness test given priovr to the training cycle while a sigunificant

nunber were eliminated during the training cycle. Overall, 135 men

completed the cycle while 138 persounsl did not. Of the 133 finishers

only 120 were considered to have complatad the cycle with sufficient

demonstrated expertise to warraant graduation. Tables 15 and 16 pre-

; sent soma comparisons between the finishers and tha non finishers. ;
" Of the non finishers, 8.9% had serum iren values and 8.0% had trans- o
1 ferrin saturation values "less than aaceptabls" as compared to 4.7% of L
\

serun iron and 2,3% of transferrin saturation values "less than accept- -3
able" for the finishers (Table 8). Cowparison of the heights and 3
weights of the two groups indicated that they were not significantly i
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different (Tabls 16 and Figure 1), It is of interest however that the
mean serum ascorbic acid value obtained in the pretraining period was
significantly lower (= <0,005) for the mon finishers when compared to
the finishors. A complete evaluation could not be performed on the
non finishers at the tima they were dropped from the cycle,

The dietary restriction portion of the jungle training phase was
most challanging from a physiological and psychological standpoint,
By knowing the amount of weight lost in this period and the food in-
take parmitted during this 12 day period (13 MCI meals with an averags
caloric content of 1,200 kcalories/meal) and assuming all food was
consumad by sach individual it should be possible to calculate the
enargy expenditures during this period, Table 17 presents the average
daily caloric deficit, daily caloric expenditure and average daily :
caloric expenditure per kilogram of weight. The data for the ten ’
oriental officers who participatad in the training cycle and data from :
one of the U,S, Army personnel have been excluded. Detailed duts for
the remaining 124 finishers are containad in Appendix D and are par-
tially depicted in Figure 2, In Table 17 those individuals losing
more than 10X of their initial weight as determined immediately after
complation of the dietary restriction period are compared with those
losing leas than 10X of their initial weight, Yor all measures listed
sxcept "average weight" thare were significant differences between the
two groups. The average daily energy expanditure for both groups com=
bined was calculated to be 4,035 kcaloriea, In equating body weight
loss to ensygy squivalents two factors were used. It has been demon-
stratad that the weight loss of adults of normal weight during the 9
initial periods of starvation or semistarvation is principally water’,
As the period of starvation or semistarvation continuas beyond thres
days, the weight loss due to axcess water loss gradually bucomes neg-
ligible until the caloric equivalant of 1 kg of weight lost is approx-
imately 7,700 kcalories, On refeading, weight, in the form of water,
is rapidly regained, During this study the group as a whole regained
wvaight during the 6 days in the jungle prior to dietary restriction,
(Tables 2 and 3), However 22 of the 124 men continued to lose weight
or failed to gain weight during this 6 day period. It was then assumed
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y @_ that the waight loss that they experienced in the dietary reastriction
, @L phase vas equivalent to 7,700 kcal/ks. Based on body composition esti- .
k. mates the total weight loss rapresented approximately 651 fat and lean :

body mass with the rest water; hence, for tha other 102 men a factor i
of 5,005 kcal/kg was used in calculating the energy equivalent of the T8
weight loss, It should ba noted that of the 22 men who lost or failad
» . to gain weight during the prerestriction jungle phase 9 ware from the
b o group that lost less than 10% of their body weight,

b

X i‘ DISCUSSION ‘..

Thie study of the Ranger trainees through one complete cycle of 4 4

3. Consolazio, C.F., et al, Am J, Clin Nutr 20:672, 1967, '
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training was designed to determine if these men required an incressed
ration allowance, Since tha training is vigorous and includes periods
of reduced rations (3 days with 2 Meal, Combat, Individual (MCI)
packets/day and a total of 15 days with only 1 MCl/day), nutritional
stress and accompanying weight losa was expected and had been reported
by the training cadre, It was necessary to document the amount of
body weight loss and to determine if either weight loss or training
had any detrimental effects upon the man's .ealth or performance capa=
bilities. This was accomplished by measuring body weights, skinfolds,
anthropometry, blood and urine biochemical propertics, and treadmill
performances at various times before, during, and after training.

Body weight loas reflects both caloric deficits and body water
losses, If the caloric defiecit veduces only body fat stores, ita
affects may not be datrimental; however, since loas of body protein
will reduca performance capabilities and resistance to diseases, the
loss nay have residual effects. Excessive water loss is even more
ericical for the health of the man because it alters the body's tem-
perature regulating mechanism, With accompanying salt losses, the
reduction of the body's vatns content may produce heat cramps, heat
exhaustion, and heat atrokelO,

The avarage hody weights ware reduced 9.4% by the end of tha ca-
loric restriction=jungle training phase. Two men lost over 17% of
their initial weights, PEstimates based on the anthropometric data
indicated that 37X of weight loss was fat (3.83 kg) and 4,7% was lean
tissus mass (0,32 kg), However, an additional 2,59 kg, not attribut=
able to fat, or lean, was lost., The rapid reacovery of 1.68 kg after
only one day of consuming normal dining hall maals suggests that most
of this loss was water. Since the training personnel at Ft. Benning
did not feal that the men could be prohibited from eating at outside-
the-dining hall sources, further evaluation of water changes and body
protein tissues could not ba made. Two days of reported fairly heavy
ad libitum consumption from all sources during recovery reduced the
average weight losses to less than 1,51 kg (3.5 1b). However, five men
who had lost betwesn 23 and 39 1lb were still betwoen 11,8 and 23.5 1b
below their initial weights, Although the average urinary specific
gravity levels were only slightly increased, 25% of the men had urinary
specific gravity levels over 1,035 that indicate that these man may
have hasen conserving body water that was approaching critical levelas.
It should be noted that the traineem had been back in the jungle base
canp for a few hours before the urine and blood samples for the imme=
diate pont dietary restriction phase wera obtained, High fluid intake
in this pericd could have reduced the spacific gravity of the urinas
from some of these man, The higher incidence of urinary ketones imma=
diately aftor both the mountain and jungle caloric restriction phases
indicates excesaive fat catabolism resulting from exogenous energy

10, The Etiology, 5;ovontion. Diagnosis, and Treatment of Adverse
Effects of Heat, TB MED 175, 25 April 1969.
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! \ deficiency. Negative water balances nceonpanying carbohydrate and/or

; energy deficlency ketonuria are well documented.d 11-13 The increased
! B incidence of proteinuria during the training cycle undoubtedly re-
i . tiected the age of the trainses and tha vigorous physical training.

Although food consumption was restricted to the military dining
hall or field rations during the various training phases, the trainees
! had bresks of one day or less between the three phases vhich provided
; |3 them with opportunities to purchase and consume other foods., Fifteen
L G, of the men wera questioned for recall information on second servings
’ i of food items in the diuning hall and food consumed from other sources.
i Y The consensus of their opinions was that the dining halls served an
d g adequate amount of food during the first phase (Ft. Benning aand Camp
. ) Darby), with milk, bread and butter ad libitum, and seconds available
& i on several of the main entreas including meats, This was reflected
{n their reporting omly 3,800 £ 2,890 keal/man or about 190 kcal/day

x of food purchasad from other sources during this phasa. The men
e statad that the smallest portions of foods (for example - only 1 glass
r of milk per meal including breskfasts) were sarved at the mountain
£ canmp dining hall, The 15 iaterviewved men purchased 8,340 t 5,420 ad~
8 ditional kcaloriss during this phase or about 460 kcal/men/day. Thaese
i men indicated that, although fewer sacond servings were available at
the jungle camp, the initial servings were larger than at tha other
dining halle:. Tha total average consumption of foods from sources
othay than the dining hall for the jungle phase until graduation was
6,610 £ 6,610 kcal/man, which averaged about 330 kcal/day., However,
this period included 12 daye of a jungle exerciss during which intake
j was restricted to issued oparational meals. If these 12 days are
i deleted, purchased calories sveraged 830 kcal/man/day. These addi-
. tional purchased calories would be equivalent to 1.1, 2.4, and 1.9 1b
of body weight for the three consecutive phases of the training. Al-
though 3.5 to 4 1b additional body weight loss before the jungle re-
striction axarcise may sound insiguificant, this loss along with that
observed would hava totalad about 122 of the wen's initial body weight
by the end of the jungle training.
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The physiaian coauthor was present at the tims of tha blood draw-~
ing immediately post rescriction and wvas quite impressed by the general
loss of skin turgor, particularly of the arms and legs, while the
tongues and duccal mucosa appeared hydrated, Therxe appeared to be loss
of subcutaneous fat as well as wild dehydration. The lack of skin
turgor and loss of subcutaneous substance mads blood drawing difficult
for the trained phlebotomists becauss of the mobility of veins.

11, Picom, W.L, Am J Ciin Nutr 20:137, 1967,

12, Ashley, B,C.E., and H.M, Whyte. Aust J Bxp Biol Med Sci 453245,
1967,

13. bBloom, W.J. and G,J., Amar. Axch Intern Med 112:333, 1963,
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The highly significant (¢ value= 15,92, 121 degrees of freedom,
paired "t" test) incresse in serum potassium immediataly post restrice-
i tion reflected a wmean value above the accapted rangs of normalacy. In
i fact some trainees had values sufficiently high (6.8 ~ 6.9 mEq/L) to be
associated with hyperkalemic toxicity., While a portion of the increasze
in serum potassium could be explained bby breakdown of lean body tissue

to supply calories with resultant releass of potassium (K) such a K
| : load should have been handled by the kidneys. (The ciean weight loss of
¥ i the 16 trainees with serum potassium of 6.1 mEq/L or higher was 10,6%.)
g The only feasible explanation for the marked rise in serum K and drop
ki i in serum phosphorus is that mstabolic acidoais was pressnt. During
' : petabolic acidosis both sodium and potassium are forced out of the
intracellular space and, if not promptly disposed of by the kidneys,
\ : the serux potassium levals will increass. GSimilarly, as may be noted
# | in the metabolic acidosis due to diabetic ketoacidosis, phosphates are
, used as buffars by the kidney and are lost in the urine with resultant ]
decrease in serum phosphorua. The metabolic acidosis observed hers can ;
| be explainad by the semistarvation = ketoacidosis -~ complicated by the
' heavy physical exertion (lactic acidosis) demonstrated by many of the

trainess and their reduced urine volumes. The limited urinary para~

maters measured substantiate this impression. }
{

Electrocardiograns had been obtained on each traines undergoing

i : performance testing prior to traadmill walking. The jungle caloric -
;o restriction phass had bean terminated late in the evening upon return i
’ to the basa camp at Eglin A?B, Florida, Blood and urine specimens and
{

snthropometric measurements weve obtained very sarly the next mornlng.
© After adminietrativaly clearing the basa camp the trainees were trans-
\

ported by bus back to Ft. Banning late that same day. The first per-
formance testing on the 14 trainees occurred the following morning, at

least 33 hours after completion of the training. Electrocardiograms
wara obtained on 23 of the trainses during the first full day back at

l ¥t, Benning and the other two on the second day., The electrocardiograns
’ vare, for the most part, quite similar to thoss previously taken, how=

; ever two ox threa did contain minimal changes compatible with sarly po=- ; ;
e tassium intoxication, That was a post hoc cbservation, Sufficlient time ' :
1 had transpired before the electrocavdiograns were obtained to correct
the slectrolyte imbalance in these normal young adults,

The post jungle training blood sample ravealed a significant in- y

. crease in the numbar of individuals vith deficient serum iron and trans= |

' forvin saturation values (Table 8), In addition the mean value for '

total protein dropped significantly with one individual having a less : /

The 2,3% decrease in serum proteins may suggest {
; deplotion of body protein storss, as noted lbovt associated with the

! axtendad pariod of caloric restriction. Yamajil®il3 nas reported de- ”

creases in sarum proteins during heavy physical traiuning and suggested |

. j !
3 , ) !
_{,l : T4 Yadk)T, XY Phystol Soc Jpn 131476, 1951, )

ﬁ 15. Yanaji, R, 1 Physiol Soc Jpn 131483, 1951,

than acceptable value,
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that these proteins may be part of the body's labile protein a:ornal6

] : which could be depleted during strass. The 36.7% increase in serum

j i ascorbic acid levels may have been due to the citrus fruit and juices

) from the dining hall and vitamin C fortified instant coffes from the

l rations: While there was a significant riee in hemoglobin values sug-
‘ gesting hemoconcentration, the lack of significant change in the hema-
, tocrits and searum sodium suggest that hemoconceatration, if present,

3 i was not significant, This suggests that the clinical evidence of dehy-
3 s . drntiog was due directly to the water loss associated with semistarva-
; tion+7,

To assess the axtent of any decrement in physical performance cap-
N abilities that may have occurred during training and the aseociated

- caloric rastriction and weight losses, maximum performance tests vare

y i conducted on the traadmill, The initial treadmill test was conducted
N ke during the week before the cyclea on sarly arrivinp trainees. Although

‘ ‘ the cadre recommendad that we perform the majority of these tests on
officers, since the rate of completion of training for officers was

b much higher than for enlisted trainees, it was not possible to restrict
the study to the officers because they were granted leaves and passes
during this parfod while awaiting training. Approximataly one third of
the teacn wre on officera, From reports by the cadre, it was antici-
pated chat about 502 ot the enrollees would not complete the course,
Sixty-two men were maasurad on the treadmill during this pretraining
week, Twenty~-six of thess men completed training and after training
measurements ware completed on 23 men. PFourteen of these 25 trainees
performad another maximum performance test during the firat day upen
return to Ft, Benning, within 36 hours of the caloric rastriction-jungle
training vhan some of of the effects of this utrews would would still be
k| . present, The posttraining test (indicated as Recovery in tha tables)

" ‘ was conductead 3 to 4 days after the caloric restriction-jungle training
phuse was completed to allow the tien to have soma time to racover from
the transient effects of caloric restriction and associated reduced

body water as wall as the fatigue of a 12=day axercise with minimum
elaep.
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Sipnificant decrements in most of the maximum performance maasure-
ments ware observed immediately after training and many of these de-~
crasses vars also found during standardized submaximum performance,
Since the man stopped the treadmill tast 2.7 minutes sooner, the tread=~
mill grade was less by the sams amount so that all of the measuremente
of maximum performance wers reduced, Some of these effects may be at-~
tributable to fatigus and insbility to continue tha tast, the metabolic
acidosie and partially to fatigus~induced lack of motivaiion to con-
tinue., The Balke Index includes body weight as a factor so that the
weight loss contributed to tha 16X decrease of this acora, Since the
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18, Aliison, J.B. and R,W, Wannemacher, Fr. Am J. Clin Nutr 1614483,
1965,
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man performad less work, his oxygen consumption, carbon dioxide produc= '
tion, ventilation volume, heart and respiration rates were correspond- !
ingly reduced. Although some increases in the performance measurements
were noted after 3 days of recovery vhen most of the transient effects
of fatigue and metabolic acidosis should have disappeared, most of the
N deacrements were still preseant, including reduced work time, oxygen debt
! and consumption, Balke Index, heart rate, ventilation voluma, and carbon
! ? dioxide production, These data led to the conclusion that physical per- o
b i formance capacities, at least those measurable by this treadmill tech- o
: ; nique, were reduced by the end of training and a portion of thess decw a
A i rements persisted fur at least 3 to 4 days, E

; The comparison of results of the pretraining treaduill test of men "
: who completed the training cycle to those of man who were dropped before '
! the sixth week revealad oaly subtle differences. Therefors, even if
these tests ware given as a screening test, the results would not be
; : helpful in pradicting who would complete training. The greaatest dif-

3 : farence was in the PFI scoras which are bassd on the rates at which the
g ‘ pulse returned to normal, The better the physical condition of a man, f
i : the faster his heart rate will drop after stranuous exercise and the E
: higher the score. Thersfore, these scores reflect the axpscted; the 1
. : men who were less physically conditioned did not complaete tralning.

g | In Table 17, the estimated energy expanditure and daily caloric
| ' deficit vevealed significant differences between those trainees who ;

Vi : lost more than 10% of their body weight as mesasured immediataely after :

1) the dietary restriction phass of jungle training compared to their

i ) dnitial body waight ve those losing less than 10%. The work perform-

| ance data wera svaluated to determine if any difference uxisted betwaen 5

" . the two weight losa groups for the performance tests conducted on the ! 3
a day after caloric restriction, No significant differences could be de- ' b
tected though the number of subjects vas small, :

Y , As previously stated the data from the 8 Laotian and 2 Indonssian
g ) officer and one of the American militery psrsonnel ware axcluded from ‘
¢ Table 17 and Figure 2, 0Of the 10 Oriental officers, 7 wers less than ;
' : 60 kilograms while the other three weighed slightly over 60 kilograms p
; : at the heginning of training., All but one gained weight during the ]
Camp Darby phasa of the cycle and the majority gained consistently p
until the diatary restriction portion of the jungle training phase ) g
during which they all lost weight, The one American who was excluded :
actually gained weight during the caloric restriction phase. As can
be saen from his data presented in Appendix D, his apparent daily cal- v i
' oric expanditure of 17.2 kcal/kg would not have been sufficient for his A
| ; basal metabolic neaeds, to ssy nothinyg of the snergy needs imposed by
the training, lie was one of tho trainee leaders appointsd by the cadre.
”‘{ lie completed the training cyele with a sufficiently high rating Ly the
-{,‘ Center cadrs to graduate, hence it can be assumed that he wase physically !
L performing at an above average level. Considering that his skinfold
measurements and body circunfersnce stayed approximately the same or y
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increased during this "dietary restriction” phase, the weight gain must

be considered valid, It became apparent that this individual had to be
- racaiving additional food over and atiove that issued to the rest of the

! trainaes, Based on the astimated average daily caloric axpenditure

, (4,055 kcal/day) and the caloric equivalant of his weight gain, he wr:1ld

g have had to received the equivalent of 41,4 MCI meals in this period as

comparad to the 13 meals provided each of the other trainees. While

: . barter of food batween trainees undoubtedly took place and may explain

4 R soma of tha very high calculated energy expanditure values (in those

bartering away high energy items), it appesrs unlikely that it could bae

considered as the source of the extra anergy consumad by thig trainsa

Mo leader., While theo data from this individual were excluded from Table } N

5 17, his data were included in data presented in Tables 2,3,4,5,6, and 7. !

et

Copies of the Ranger trainees' final scores were obtained and cor~ ;
. relation analysis were calculated against weight changes, No relation- :
" ships could be established between either the total score or any of its
iy parts, and any or all of the weight changes. Since a large portion of :
o the trainees' grading is subjective by both cadre and peers, the lack i
Gl of correlations ware anticipatad, 1

In the 1964 Ranger Survey the energy requirement averaged 4,842 ,
kcal/man/day, During the caloric restriction phase in 1973 at Eglin 3
AFB, the estimated caloric expenditure was 4,020 £ 900 kcal/man/day ;
] %- (Sea Appendix A). Using a different research approach, it is noted _

g above that for the same jungle caloric restriction phase, the esti- ;
|
4

mated expenditure was 4,055 * 590 kcal/man/day., These eatimates of
: anergy requiremants batween the studies ara quite disparate and need

i W axplanation, Thera are a number of factors which have a bearing on the !

B " apparsnt discrepancy in the results; a few of which will be discussed, '

o T e SR

8 Rangar training activities had not previously bean messured and wers
@ datermined using USAMRNL team parsonnel performing the tasks under ac-
b tual field training conditions. In addition, all food consumed, includ-
ing that provided by the dining facilities both in garrison and in the
field as well as food procured from outaide sources was measurad and
futrient consumption was acqurately determined. Based upon the time- 1
motion satudies the training at Ft, Benning/Camp Darby required the ex- b
penditure of 4,249 kcal/man/day. However, it was demonstrated that the [
men were consuming an average of 4,129 kcal from food procured from the ~
dining facilities and 272 kcal/day from outeide the dining facilities
for a total of 4,401 kcal/day., Despite an apparent over consumption of
calories in relation to snergy sxpenditure determined by time-totion
studies, the man lost weight. During the period of the study the
waight loss sustained was egquivalent to 442 kcal/man/day. When the

| 32 Tha study conducted in 1964 addressed only the 16 days of the Ft,

5 . Benning/Camp Darby phase of the Ranger training cycle. The approach |

1 Q, usad during that study was labor intensive and included time-motion A j

g % studies of the Ranger trainees throughout that portion of the training 4

f ¥, cycla, The oxygen consumption (ensrgy expenditure) for many of thae ?
4
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caloric equivalency of the weight loss was added to the «nown consump~ .%i
| tion, it was noted that the men were utilizing 4,846 keal/day. i

( In 1973 when the USAMRNL was diracted to conduct the current study 3
as raquested by the Rangar Department, USAMRNL was already committed to
conduct a numbar of other studies that had to be complated prior to the )
tranafer of tha function scheduled to occur late in 1973, Due to the i
inpanding tranefer of function, military and civilian personnel were ;
being lost without replacaments. At the time of the 1964 study author-
isation for increasad rations for the mountain and jungle phase of the 3
Ranger training cycle wers alrsady in effect. In 1973, the request for y
an increase in suthoriszation for all phases had to be evaluated. Hencs .
an eight wesk study was necessary, Due to the USAMRNL personnsl losses ) ﬂ
a and commitments, ¢ was impossible to measurs food consumption on a
i daily basis. There was only ons phase of the training cycle in which
; food consumption vas sufficiently controlled tc permit an estimation of o
snergy expenditure. That was during the jungle caloric restriction o
phase, Howevar, we have no way of validating that the physical activ-
\ ' ity during this phase was esquivalent to that required (and previously .
3 measurad during the 1964 study) for the Ft, Benuing phass of the cycle }
or that raquired at the mountain camps, ;

[ From the dietary histories of a select population described above, “

h it was atated that the food intake provided the men during the 1973 Ft, ‘ "

3 : Benning/Camp Darby phase of trainiug was adequate. This is reflected

F‘ in a ralatively low consumption of food procurad from outside the dining
facilities, Daapite this, it can be determinad from Table 8 that thers

H vas a weight loss which averaged 0.96 kg of body fat/man for that period.

| That would have been equivalent to 393 kcal/man/day. If it could be

i assuned that tha men were consuming from the dining facility at least . )

p the equivalent to that consumed in 1964 i,e. 4,129 kcal/man/day, with i ;

3 an additional 190 kcal being procured daily from outside sources and a :

H caloric equivalent of the fat loss of 393 kcal/day, the total expand-

’ iture for this period would have been 4,712 kcal/man/day or only 135

; keal less than that calculated in 1964, When the data from the Ft.

ﬁ Beaning/Camp Darby phase studied in 1964 are compared to the results

|

Ly obtainad during 1973 and assumptions ars made pertaining to food intaka,
snergy requirements batween the two studies are not greatly different. |

e L
.

; Two additional factors should be considered in avaluating the dif=-

i farences betwsan the 1964 and 1973 data: In 1964 the study was conduct-

“l od between 27 Nov and 20 Dec, It was quite cold in the field and during

- the field studies the men did not have slesping bags to guard against

X the cold, hence increasing the nead for energy to maintain body warmth,

This was not true during the July-Sept 1973 study., 1In addition the

: Ranger Dspartment personnal had indicated that the tratining cycle se~

1' lected by USAMRNL for study in 1973 was not ideal, Problems aroses be- !

l cause of the very mixed backgrounds of the students participating, in- 1
cluding a vary large number of foreign trainees. All of problems tended ‘

¥ { ‘ to increase the need for familiarisation training and a decrease in the

i s adice e
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4 vigor of the training. It was suggested that it would be better if the N
’ study could be conductad later in the year, but unfortunately due to .
i MRNL's other commitments that was not possible. 3

The Ranger training program is designed to: train men in survival
techniquas; incresse self confidence; and improve self discipline, 1In
view of the environmental stresses and physical activities during the
jungle phase, it is seriously questioned whether the caloric restric- 4
g % tion has to ba severa enough to produce a metabolic acidosis. While 0
N G the personnel under going the training are normal, healthy individuals
L 5 who should rapidly recovar from a period of metabolic acidosis, ome
) & vonders vhethar their capability for assimulating maximal training op=-
1 4 portunities 1s impaired by this period of metabolic mcidosis. The
; i studies described above have not addressad that problem,

4 | CONCLUSTONS

J Our data confirmed the report of the Ranger Department; the Ranger } i
3 traineas have large losses of bedy weight during portions of the 8-week )
A ¥ training cycle, Since the training protocol has extanded periods of

i o caloric rastriction (some quite eevare), body weight losa was expacted '

i : and therefore only the magnitude and the physiological significance of

g i thease losses required documentation. Although over half of the averape

‘ ¥ losses could be attributed to fat, the losses of protein and water were

t excessive and should not be tolerated, A small suhpopulation indicated

during interview that the men consumed about 12,100 kecalories from

sources outside of the military dining room befora the jungle exercise. ;
v This would be squivalent to 3.5 1b of body weight per man, The ob- . .
) served weight lossas averaged 9.42 (maximum 17,5%) of tha average ini- ‘ '
i : tial veight., Therefore, without the supplemental calorias from other
"i { sources, weight losses could have averaged nearly 12%.

From tha limitad blood biochemical conatituents examined, the in-
dicationa of the nutritional stress wers: the increased parcentaga of
trainees with less~-than-accaptable values for hematoerits, serum iron 3
concentrations, and transferrin saturation; the slight but significant i
decrease of serum proteins which suggests a depletion of labile protein A
o . stores; and the marked increase in serum potassiun, with a decreass in 3

serum phosphorous indicating the prasence of a significant though tran=- ‘Y
sient metabolic acidosis, k

P SR R S T

=

.é:'..
|

The various measuvements of physical performance capacities on the
treadmill showed decrements of 10 to 137 immediately after the caloric
reatriction-jungle training, Although several factors including fa-
tigus, metabolic acidosis and reduced total body water may have cone
tributed to these decreases, the major portion of each of the decra-
ments was still obwerved 3 to 4 days after training wam completed when
water balance should have baen normal, the matabolic acidosis should ¥
have baen corrected and the man liad the opportunity to obtain a few Lo
good nights of rest, Tha loes of lean body mass dus to cataboliem of K
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| tissue protein to satisfy a caloric deficit would not be corrected in
5 this time frame. The effects of fatigue after the strenuous field ex~
i ercise would be anticipated; but the longer term detrimental effects

‘1 upon performance should be pravented if possible.

14 . RECOMMENDAT LONS

! 1, Daily food issues should be increased lUX during the first phase l
; of training at Ft. Benning and Camp Darby, -
Comment: An additional 350 to 400 kcal should praevent weight

; loasus even if the men could not purchase any food from other sources.
4 , Although tha Mastar Manu provides 4,600 kcal/day as issued, normal
. J preparation and cooking losses and unavoidable plate "waste' are be-
tween 14X and 24X thereby the consumad caloriea ars reduced to 3500 to
3950 kcal/day, When surplus commodities, including milk, were avail-
able, the basic issue could be readily supplemented. This obviously
happened during the 1964 survey when the men were consuming 4,120
kealories within the military dining faeility, When surplus commod-
ities are unavailable, supplementation of the basic issua is no longer
possible,

Sk b

2, Daily food issue should be increased 15% for Class A meals fed
during mountain and junjle training phases.

Commont: With the 9 missed meals during mountain training, addi-
tional food should be provided when the men are consuming Class A
meals, These 500 to 600 kcal/day would only prevent the waeight loasmes
observed during the study and not replace the outside~the-=dining hall
consumption., The additional food after the 12-day 1200 kcal/day period
would provide some excess caloriss to correct the metabolic acidosis
associated with the weight lost during the vigorous jungle axercise and
should raeestablish wate«r balances soonar,

e e R S —

= i

SR W

! 3, Considaration should bae given to iusue of at least 16 MCI meals or
& their aquivalent during the 12 day caloric restriction jungle phase.

N Comment: The additional meals would be used after periods of very
, strenuous or prolonged physical exertion, not as rewards, but to counter
| : or prevent the adverse mental and physical consequence of matabolic

: acidosis,

DS S S D SO A SIS T - s o, i

! General Comment: Although energy expenditure wase not measured during
, this evaluation, the Ranger Department states that training now aver- )
] agas 132 hr/wk compared to 102 hr during the 1964 study. Even if this i

expenditure had not increased, this level of work would requirs at least
a 20% increase in the ration issue to maintain energy equilibrium with= i

. out considering the 15 days of 1,200 kcal/day and 3 days of 2,400 kcal/

: day intakes during the combat simulation exercises, Therefore, the 15

‘ ‘ recommended increase can be considered conservative, These additional Sy

- calories should permit the men to start tlhie extended sevare calorie re-

S striction phases with their weight near their initial body weight,
Tharefore, the loss of 10 to 15 lb during this period would not be addad
to losses previously incurred and should not be as detrimental to health. )
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APPENDIX A
SURVEY OF TRAINEES OF THF RANGER TRAINING CENTFR, RANGER DEPARTMENT,

FT. BENNING, GEORGIA

Calculated daily energy expenditures.

The calculation of daily energy expenditures of the North American
trainees based on 3500 kcal/1lb (7700 kcal/kg) of body weight and assum-
ing intakes of 1200 kcal/one MCI, provided an average of 5090 + 780
keal/day during the caloric restriction~jungle training phase if the
weights for the first postrestriction morning were used. However, the
body composition data indicated some weight loss resulted from body
wvater losa (negative water balances assuctated with caloric restriction
are well documented from both this and other laboratories) tharefore,
this figure would be an over-eatimate of enargy expenditure. If we
assume that 3700 kcalories were consumed during the first day after
restriction when no food purchases from outside-the-iining hall sources
were permitted and if we use the sescond morning weight, the average
estimated caloric expenditure would be reduced to 4020 t 900 kcal/day.
Since the consumable caloviss from the Master Menu are ahout 3600 to
3800 kcal/day, a 15X increass in ismued rations would be required to
maintain caloric equilibrium in the majority of the men., Maintaining
caloric balance in 83% of the men would require 4900 kcal/day (based on
the 4020 £ 900 kcal/day estimate). The Far Eastern foreipn nationals,
being of smaller ataturs and lasser body weight, had a daily energy ex-
penditure of 4430 t 480 kcal if the first postrestriction morning's
weight was ussd in the calculation or 3440 & 430 kcal/day if the sec~
ond postrestrictive morning's weight was used in caleulation, The
latter figure would be consistent with the ohserved weipht gain of 1,78
t 1,96 kg/man during the training before the 12-day exercise, The 4l
gm/day weight gain would be equivalent to 320 keal/day, which would then
equal & total intake of 3760 kcal/day. The North Americans lost 1,05 kg
of weight before restriction (190 kcal/day deficit); however, the ca-
loric deficit for the 3 days with 1 meal and 3 days with 2 meals/day
during mountain training wao 10,800 calories (equivalent to 1,40 kg).
These men maintained caloric balance by the consumption of about 40N
kcal/day from outside~the-~dining hall sources. If we subtract these ca-
lories from the 4020 Cal/day estimated expenditure, we find that the
dining halls were supplying about 3620 kcal/day, This confirms the fig-
ure 3600 to 3800 kcal/day consumad from the 4500 to 4600 {ssued calories
in the food supplied by the Master Menu with 15 to 20% lost throush all
wvaastes including storage, preparation, cooking and plate waste.
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j Figure 1. Comparison of the initial weights of training 24
{ cycle finishers vs non~finiahers
3 Figure 2. Llaily energy expandture during jungle dietary 25
¢ g restriction phasa. The distribution of energy '
B i expenditure as expressad in kilocalories/kilogram
‘ , is provided for the training cycle finishers.
,{: {?
¥ \
o
E ‘s
A
Li I!
-
1
X p
| ¢
..i "“

23 APPLNVIZ B

l|‘

i

|\

A

'.

£ AR A NS R T san b o .
: . "

s ' #

-4, 0 b

, (3

“R‘.‘r',;( -

BN B
oA T E “

" NIRRTt BRI T POt o1 <183 4 9 S < e emometne s o




swoiBopry ui 8o
OLL-50L ¥O1-001 6656 #6056 6859 ¥$08 6LSL YL 0L 6959 ¥909 6S-SS ¥S05 6V S

ot

"
TINNOS¥1d 40 INDDN
24

sEMsSINE [
sumsniis NON TR

‘ot

SUIHSINIS NON SA SHIHSINIS ITOLD ONINIVIEL JO SIHOHEM TVILINI 3IH]1 30 NOSIIVIWO)D

T T R R = s
7 _ == T — —— ~ ~ - ) B L
i e g A P ——- £ - L m——— =
= e Callen ol S ™ ™~ o =2 R O

WMONIYAL -




€808 649L SLTL

T F

%0i< SSOV IHOBM [
%01> SOV 1HoBM N

wopuses Armpep sffual soye
WBwem 1y o) pesodwod wem Apog Puny Aq pougmseiep sref mBep

weslepy/seuemiop)] — ssappusdxy ASseun] Apeg
LD 2979 €909 65-95 $5-TS IS-8Y LV¥¥r €V OF 6C

-9

~$1

8

Lo

SVYHJ NOUDINISIE AUVING TTIONNT ONRING TUNLIANIIXI AOE3IN3 ANVA

SINIVEL 40 IND¥M

T Janod

25

AT e

AR Ry

Y

A




TR AT AT TS e e

TR

Table
Table

Tabhle

Table
Table
Table
Table

Table

Table

Table

Tahle:

Table
Tahle

Table

Table

Table
Table

2.

3.

4.
5.
6,
7.

0.

10,

11,

13,

14.

15,

16,
17,

LIST OF TAPLTS

Schedule nof measurements
Nady weights and circumferances

Body circumferasnces and diameters measured in
centimetars pretraining and posttraining

Skinfold thicknessas

Comparison of body waight and fat chanpes
Urinary values

Blood values (mean & SD)

Humber of biochemical values less than acceptahle,
training cycle finishers

Number of training cvcle finishers with twn or more
“"L.ess Than Acceptable" values for separate narameters

Valuea for maximum work performance
Pulae and reapivation rates at various work levels
Ventilation volumes at various work levels

Respiration quotients (RN) and carbon dioxide
production at various work levels

Oxypen consumption at various work levels

Number of blochemical values leas than accentable,
training cycle non=finishers.: Specimens ohtained
pretraining

Compariason of finishnara vs non-finimhern

Fnerpy sxponditures during jungle reatriction nhase
comparing traineos who loat less than va thioae vho

loat more than 10 percent of {nit{al lLoly uaight at
at conclumion of dietary resmtriction

Page
28
29
30

n
32
13
14

35

A
37
n
jQ

Al

M

h2

W L




TABLE 1, Schedule of mesasursments,

i) Julian Laboratory Tests and i
B Date Phase Activicy Maasurements Schaduled k
3”: -
3 B
:1:? 204«213 Pretraining or Datalls/passes Body weights, urine &
control swaiting training chenistries, blood
] chemistries, skinfolds, :
B complate anthropomatry, g
treadmill performancs. R
232 End of Benning Completed physical Body weights, urine E
training, class~- chemistries, skinfolds, :
room, short field 3 body diamatars. E
exercisen,
249 End of mountain Mountaineering with (Same as 232)
K 3 days of 2 waala
é i and 3 days of 1 meal :
; l par day. »
H 255 Jungle, end of Classroom, jungle (Same as 232) ;
| prerestriction  tactics i
| 267 Jungle, post-  Complated 12-day (Same as 232) Add: ”
! restriction strenuous jungle blood chemiatries.

exsrcisa on 1 weal
par day., Food re-
stricted to dining

i A i

*16 men

hall, j

f 268 Recovery day 1  Clean-~up details; (Same as 232) Add: §
food ad libitum. Treadmill performance

I (16 'n) . "i
S |
o 269 Recovery day 2 Datails, food ad Body weights} urine _i
i libitum, cheniatries. 1
2 270 Recovary day 3 Graduation Body weights; urina _ ;
: chemistries; treadmill ' i !
P performance,* v
B!

] } 271 Treadunill performance+ j
" ‘l
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i TABLE 3, Body circumferences and diameters measured in centimeters
pratraining and posttraining.

: Pretraining Posttraining 1
g Site Av sn Av sn Rignificanca
} Circumferences
Right forearm 27,85 £ 1.%6 27.31 £ 1.37 0,001
Left foreaarm 27,32 2 1.63 26,93 ¢ 1,49 n,nn1
Right hicaps 30,18 ¢ 2,09 28,45 ¢ 1,76 0.001
Laft bicaps 29,97 £ 2,27 28,08 ¢ 1,79 0.nn}
: Right calf 38,15 ¢ 2,27 37052 £ 2,45 0,001
Laft calf 37.81 £ 2,26 3731 ¢ 2.41 0,001
5 Diawatars
! Bidaltoid 46,89 £ 2,23 45.95 £ 1.7 0,001
:\ Bihumeral 48,78 ¢ 2,62 47,40 ¢ 2,19 0.n01
é Lateral chaat J1.14 2 2,14 30,06 21,73 0,001 _
[\ 1Most significant level attainahle from paired-t statiatic, |
!
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g i
? TABLE 7. Blood values (mean t SD),
!
) Pretraining Poattraining 1
“l Value Measured Av SD  Av SD  Significance
y ’, Vitamin ¢ E
; ; (mg/dl) 0.79 £ 0,28 1,08 t 0,26 0,0n1 )
i !
; { Hlamoglobin [
3 i (#/dl) 15,29 £ 1,03 15,70 & 1,02 0.001
- ' Hematoecrit “
; o (% cells) bh,4 £ 2,4 b2 £ 2,7 NS :
‘ 1ron .
. (ur/dl) 100.4 & 28,5 99.9 % 29,6 NS !
l' ! Tron binding capacitcy E
o ' (mp/dl) 293,0 £ 49,0 283,0 t 33,0 0.05 3
!
g Trans Prrin saturation -
“ x 35,1 £ 11.8 35,5 2 10,3 NS i
¥ 3
H Serum calciun i
(mRq /L) 4.88 £ 0.29 4,95 to0,21 NS (
g ol
ﬁ Serum phoaphorus 3
i (mn/d1) 4,32 £ 0,66 4,04 £ 0,43 0,001 a;
; {
LH Serum sodium )
il (mEq/t.) 139.6 ¢ 3,9  140.5 ¢ 2.6 NS i
't i
Serum potasaium f
;: (mEa/1.) 4.1 £ 0,4 5.2 £ 0.6 0,001 ]
o :
- Serum protein :
| l (a/d1) 7.73 £ 0,47 7,55 x 0,42 0.001 i
ii
fh ! lﬂrcntnst lavel of significanca ohtainabla from paired-t statistics. f
2 1
;[
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TARLE 10, Values for maximum work performance,

Immadidtely
No, of Pretraining After Training Recovery
Men Av SD Av $D Av Sh
Time to Fxhaustion (min)
14 24,82 ¢ 2,91 2.11%: 2,72 zz.ss: t 2,08
25 25,04 ¢ 2,45 22,64 r 2,79
36 23,66 £ 3,00
Work Oxygen Consumption (liters)
14 49,75 t 9,90 36,69 & 10,22 41.46:'1’ + 10,04
25 50.45c & 7.86 39,76 S 9.63
3% 42,70° & 12,03
Total Oxypen Consumption (litaers)
14 54,58 ¢ 10,50 60¢13. t 10,74 b5.363 ¢ 10,52
25 55.05c + 8,38 43 .49 + 10,18
36 48,46 ¢ 10,27
Balke Index
14 1613.6 ¢ 236.8  1333.8% & 2553 147160 & 200,
25 1613.2c ¢ 182.9 1441,2 + 1964
36 1499.,0° & 232.5
Physical Fitness Index Scores
14 170,0 £ 34,2 174.,6 t 27.9 160,9 + 18,2
25 170.2c t 30.4 162.1 t 26,0
36 150,1° ¢ 18,7

"31nnif1cnnt1y different from pretraining value,

bSignificnntly different from immediately-after-training value,

°stnntficant1y diffavent from values of 25 finishers.
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b
' g‘ TABLE 11, Pulse and respiration rates at various work levels,
§ { Immediataly
E No. of Pretraining After Training Recovery
F Men Av Av SD Av sh ‘
! :
i %g Heartheats/min o
b o, b
F il Sitting Rest : .
| i a
) b [
i b 14 72,1 2 15.4 63.9% + 8,7 75,57 £ 17.8 ]
¥ i k1) 72.1 4 12.3 L
| |
I L Submaximal Work gj
| i E
i b 14 137.0 ¢ 11.9 122,0% ¢ 12,8 138.2" 15,5 | %
i b 25 138,2 ¢ 12,3 135.8 % 15,3 |
2 ? 36 143,6 £ 12,5 3
E Maximal Work ng
n' K
: 14 19n0,5 £ 13,1 178,0° ¢ 15.0 186, 2” + 10,3 ;
. | 36 188.2 2z 11.8
% .
" E Breaths/min i
i 2 :
h& ﬁ Sitting Rest ‘i
el "
i i 14 13.0 ¢ 2,4 12,2 ¢ 2,8 14,8 ¢ 3.6 |
":lﬂ i 28 1506 2 13.5 ' 14.0 t 3. N
? 36 14,3 ¢ 3.2 i
i Submaximal Work ?
! i
g 14 21,2 ¢ 3,8 21.4 ¢ 4.3 23,2 t 4.5 ]
] 25 23.% t 4,6 26,9 £ 5,)
l 36 26.2° t 5.3 !
¥ |
‘) Maximal Work |
. N
' 14 37.9 * 8.1 32,0% 2 4,1 3.0 % 4.6 !
- 25 38,0 £ 7.8 5.3 ¢ 7.0 i
. 16 36.9 ¢ 8.4 !
b :
jvf a Significantly different from pretrajining value. ?
S )
! b Signiflcantly different from immediately-after-training value. i
o € Sipnificantly different from value of 25 finishers,
'J 37
DU NS o . , ' | .
g ’(:zl‘ 1 . . f,, 1 <u\ f\\ et » 1}4
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TABLE 12, Ventilation volumes at various work levels, 'é
- Immedintely cTemmmm T ,
No. of Pretraining After Training Racovery :
_Men Av $D Av 8 Av SD ! ;
d , .
i § Liters (BTPS)/min -
' : | i
sitstog Rane
t | 14 9,13 £ 2,22 8.88 ¢ 2.02 11,3647 ¢ 1,72 ¢
} l 25 9.16 £ 2.04 10.00% & 1.88 ;
b } 36 9.11 & 2,42 .
. i Submaximal Work -
f ! b
< | 14 44,43 ¢ 5,98  41,35% £ 4.7 47.328°" & 5,05 ; 'g
25 44,27 ¢ 5,10 47,34% £ 4,89 b
36 46,29 £ 7,71 L
’ | ;
. Maximal Work | ‘é
14 111,26 & 22,40 86,90" £ 10,86 101,68° + 15,06 o
25 113,75 4 18,70 99,40% & 15,47 L
. L
Jl Liters (STPD)/min ; g
il | )
Eg Sitting Reat ;
| i ;
¢ 14 7.67 + 1.87 7.90 £ 1.7 0,312% ¢ 1,40 ‘i ;
! 25 7.7 ¢ 1. 9,0n & 1.53 o
b 36 7.67 £ 2,04 |
" L
al , Submaximal Work Lo
EH |
k 14 37.80 £ 4,78 33,97% ¢ 3,52 18,777 £ 4.11 !
gl { 25 37.67 £ 4,16 39,16 ¢ 4,97 O
8 | 36 39,40 % 6,89 |
A ' P
| | Haxima) Vot 1}
a1 § 14 91,54 £ 18,95  71.22% ¢ 15.98 83.34%" + 13,07 !
3 l 25 95,75 ¢ 15,91 81.42% 2 12,74 y
i ) 36 . B9,95 3 18.51 o o !
;q I BTPS = Uody Temparature, Ambient Barometric Pressure, “aturated with k
i ' water, &
ﬁ‘ l STPD = Standard Temperaturs, Barometric Pressurs, Dry, !
b ’ “SIgnificancly different from prettraining value, ' 3

h

Stanificantly different from imnediately-after-training value,




4 AR b

{ :‘} A:;
; TABLE 13, Respiratory quotiemts (RQ) and carbon dioxide production '%
: at various work levels, -
;' “Tmmediately 4
, No. of Pretrainin After Training Recovery 9
§ 4 Men R Av 8D AV sD o
3 I b
-, ¥ " m } .‘;.‘
f Sitting Rest .
‘ . 14 0,83 ¢ 0,08 0.80 % 0,06 o.e7:"’ t 0.06
L 2% 0.82 £ 0,07 0.88 0,08 3
{ k1) 0.84 & 0,07 g
‘ Submaximal Work 3
L, N 4
l 14 0.84 £ 0,08 0.92° £ 0,09 0.928 20,06 R
i 36 0.90% ¢ 0,06
| ‘ Maximal Work ]
X E 14 1,05 # 0,07 1.06 £ 0,07 1.05 ¢ 0,05 3
i ; 25 1,04 ¢ 0,07 1,04 t 0,06 "
' ! 6 1,05 ¢ 0,06 .
. ! b
) Liters CO,/min ‘ | A
1 Sitting Rest
i ; 14 0.231 & 0,047 0.23 £ 0,057 0.301%° £ 0,035
N | 28 0,233 £ 0,047 0,302* ¢ 0,049 |
: 36 0.248 & 0,069 1
H . ]
W | Submaximal Work 1
it ', l
! 14 1,687 ¢ 0,176 1,678 ¢ 0.185 1,812t 0,169
3 b 25 1,690 ¢ 0,141 1.793* 1 0,161
‘ . 36 1,7% ¢ 0,258
3 i Maximal Work
KB | 4 1 .
i -
# 14 3,729 ¢ 0,608 3,211% & 0,466 3,493 £ 0,389 1
|‘: N 25 3.733 : 0.479 3.302 ‘ 0.‘020 18
i | . 36 3,494 ¢ 0,872 :
: g‘f:l ' %Significantly different from pretraining value.
J bstgnuiuntly differant from immediately-after-training value, _‘
. °stp.niuemcly diffarent from valus of 23 finishevs. ‘5




g TABLE 14, Oxygen consumption at various work levels.
i Tmmediately
\ No. of Pretrainin After Training Recovery
: Men Av ) Av SN Ay sh
3l |
i | Oxygen consumption (1iters/min) l
k| i ' i
| ; Siteing Rest
i | 14 0,281 % 0,052  0.296 & 0,059 0,3364+" 2 0,039 ,
. ‘ 28 0,274 % 0,080 0,335% £ 0.044 |
3 . 36 0,293 % 0.076 |
: Submaximal Work !
! 16 2,013 0,199  1,A01% ¢ 0,123 1.980° & 0,172
25 1.999 & 0,171 1,95 ¢ 0,15
16 1,95 2 0,260
,i - Maximal Work
j 14 3.545 £ 0,439  3.0a4% £ 0,514 3.364%P 3 0,368 '
o 2% 1,596 £ 0,158 3.259% £ 0,360
: 36 3,350° & 0,492
1' : Oxygen consumption (ml/kg/win !
3 ; Sitting Rest ;
3 | 14 .86 £ 0,83 4,36 20,91 61" 20,62 :
i a 25 3.77 £0,73 4.69 0,64 1
i @ 16 4,07 £ 0,90 |
i1 . i
éy Submaximal Work Lo
| 14 24,49 ¢ 2,65 27.04 ¢ 1,96 27.41 21,82 f s
¥ 25 27,50 % 2,47 27,31 2 1,47
l\:‘i 36 27.22 : 2.4‘ 4
(1 Maximal Work }
n ]
= 14 48,43 % 6,20 43.05% & 6,57 46,30 24,12
X 28 49,48 ¢ 5,44 45.5% 2 4.69
r, . !_6_ ‘6-73 s 602l — - r
' 3‘ : ‘ '81gnif1cnnt1y different from pratraining value, ;
bt b

| Significently different from immediately~-after-training value. I
b “Sianificantly different from value of 25 finishers,
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. TABLE 15, Number of biochemical valuas less than acceptable, training
: ! cycle non-finishers, Specimens obtained pretraining.

_ Ascorbic Serum X Tranaferrin Total
E % Acid Hemoglobin Hematocrit Iron Saturation Protein
:
: { - 9 38 11 10 -
il (128) (128) (128) (129) (128) (128)

g e QTR T T A

—— g

TABLE 16, Comparison of finishers vs non-tiniahornl.

Findishaere Non=Finishera Significance

Initial weight

{(kg) 72,07 ¢ 9.16 73,31 ¢ 10,20 NS
(133) {138)

Heipght

(cﬂ) 17507 : 700 17615 2 6.7 NS

Serum ascorbic acid

("/dl) 0079 E .23 0070 2 .29 p'<00005
(131) (128)

Serum Iron

(mn/dl) 100,2 ¢ 28,8 101,7 ¢ 34.% NS
(128) (12%)

1 Mean  Standard Deviation.

Significance determined by Students' "t" test, Numbers in ( ) indicate
nuabears of participants,

S o -
¥

i T e A7 = | e . i = i = ¢ -t




i TABLE 17, Energy expendiute during jungle dietary restriction phase

1 comparing trainees who lost less than vs those who lost

' nore than 10 percant oi initial body weight at conclusion
of dietary restriction”,

| < 10% > 102 Significance

E Number of subjects 70 54 -
1 ; Average weight during '
4 restriction phase (kg) 69.24 2 6.79 69,14 2 7,90 NS

Mean daily caloric

deficit (kcal) 2,584 ¢ 583 2,977 & %96 p=<0,001

Mean daily energy ,

expenditure (keal) 3,884 ¢ 383 4,277 2 5%6 p=<0.001

Mean daily energy

expenditure (kcal/kg) 56,48 ¢ 9,07 62,89 ¢ 9,24 =<0, 0N1

1 Hean t Standard Deviation,

)
i
§ Sipnificance determined hy Students®' "t" test,
!
1

k ‘\‘
*n ' '.} \p\ 34
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APPENDIX D

Page ki
Apnendix D=1, Tratneos with weight lnss less than ten hé |

e

; percent-exparienced during junple dietary i ;

: Lo regtriction phase Lo

. i, Appendix -2, Traineas with weinht loas greatar than ten 44 T
b percent-experienced durinp jungle dietary i

: % rentriction phase ;
%_‘

1 .
' =
, N
! .
: |
* : 1
L :
i ;
,,1. !
b b
X .
1 :
g i
1 I
: {
b ]
- |
| .
>i 1
i *
\\J .
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ATPENNTIX D-1. Trainees with waight loas leas than ten parcent-axperi- p
enced during junple dietary restriction phase. o
» Daily Energy Daily Enargy Average Energy
¢ Daficit Expenditura Weight FExnenditure l
§ ; Subject  (keal/day) (kcal/day) (kr)  (keal/kg) '
: x .
P |
) i 1 1636 2056 56.26 $2.58
: i 2 2348 3848 63,4 $7.60 '
i : 3 2698 3998 54,68 61 .84
{ § 4 2807 4107 74.00 35,44
i = S 211 1611 80,09 45.n9 1
d 6 1207 2597 64,69 4n.18
! ! 7 2965 3869 62.83 61.52 S
2 8 2590 3890 60,38 6h .46 i
3 10 2928 3n28 .86 55,59 o
3 11 2461 3761 71.93 52.29 -
' 12 2327 3627 70,18 51.69
¢ 13 717 3477 64,39 84
a 14 1281 3581 81,28 44 Ok |
¥ 15%% (~83Nw) 121740 TAT6% 17 ,20%% ;
i 16 2298 3998 69.33 52,66 ,
b 17 2249 3569 65.36 54 60
i 18 1193 2693 70,78 38,08
i 19 3266 4566 69,39 6%.80
i 20 2206 3506 69,92 50,18%
: 21 3070 4770 72,49 60,32 !
¢ 22 003 4303 69,09 62,28 ;
g 23 2156 30864 7.08 60,38 :
il 24 2532 3832 7.0 49.74
i 25 2061 4161 81,98 49,01
2 26% 3619 4019 75.6% 6%.04
¢ 27% 1196 4496 61.10 1147
gj 28% 388A 5188 67,44 76.9
v 29 1814 3114 65.48 47.56
| , 10 2119 3419 75,64 45,20 ;
| | n 2277 3377 60,42 9,21 i
i 32% 3619 4919 71.87 6,44 :
v | 3 3262 4562 76,14 59,01 t
i | 14 2611 Ini 57,76 64 .24 :
38 3403 4703 7.86 59,90 ;
16 2820 4120 75.%6 84,59 !
37 2378 378 70,45 55,94 y
18 2778 AN78 72.49 56,10 q
K 39 2820 4120 74,02 85,65 {
- 40 2098 3198 74,99 44,13 .
i ﬁ
o 44 ﬁ
A
. i
IR a ¥ V- N
oy . “\:‘l‘h %‘"v“y. ‘ru:‘ " .,','\' \l I,g
R \ i 1 g fh i
'f, : Mﬁl’f : V ."f'm!'ﬂﬁ ‘.;i-"“i N. ‘,'.
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1 P APPENDIX D-1, Trainees with weight loss less than ten percent-experi- o
; v enced during jungle dieatary restriction phase, (Cont.) b
¥ i\
" Daily Energy Daily Energy Average Enerpy |
{ i Defieic Expenditure Weight TUxpanditure -
il v Subject (kcal/day) (kcal/day) (kg) (kcal/ks) P
3 i A
b 41 1269 2589 5978 44,33 p
F 42 2294 3504 78.30 45.90 i
. 43 2068 3165 72,98 46,10 b
\ 1{ 44 2198 3498 70,46 49,68 A
‘ 45 2027 " 72,21 46,07 k.
3 46 2661 1961 57,10 69,37 b
¢ 47 nn 3017 .59 71,36 j
} 48 2920 4220 67 .06 62,91 .
t 49 2002 N2 72,78 45,37 ]
! 50 2648 KRTY:} 73,64 531.62
% 51 187 - 4487 60,70 73,01 v g
i 52 1806 3106 62.50 49,70 R
1 ! 33w 3690 4000 72,67 6R .66 o
3 : 54 2674 3974 62,64 63 .43
b | ; 55 2127 327 66,18 51,78 _,
' ‘ 56 2461 3761 70,66 53,22 |
& r 57w 3523 4R23 66,36 72.68
; ‘ 58 2081 381 68,63 49,27 :
§ ' 59 2463 3765% 69.64 34 .06 1
! ) 60 2703 4001 60,81 66,02 i
: - 61 3249 4849 81,64 86.41 ;
| 62 2644 3044 80,09 49,24
| ' 63 2548 3048 84,52  4%.5%
L g 64 2194 3694 66,%8 53,50
» 3 65* 3978 35278 71.92 73.39
. 66 3074 4374 62,81 69,63
[ 67/ 2594 3094 63,11 61.71
& r 68w 2134 3616 67,82 56.97
| oo 69 2240 3540 67.29 52,60
| : 70 2140 3640 66,19 534,83

- * Trainees who barely maintained or lost weight during the Jungle Pre- i
5 \ Diatury Restriction Phase, ]

5” 3 ** Data from this traines leader axcluded from atatistical evaluations j
' of the data for this group. Sse Text for explanation. 3




! i APPENDIX D-2, Trainees with waight losa greater than ten percent-expe- ]
} : riencad during jungla dietary restriction phase.
I i
i Daily Energy Daily Energy Average Enerpy k
’ | Deficit Expenditure Weight Expenditure !
[} i Subject (kcal/day) (kcal/day) (kpr) (kecal /kg)
- \
| i
i g 1% 3394 4694 63.07 72,84
' g 2 3095 4395 58,48 75.18 :
g ; ) 3292 4592 61,91 74,17
[ | 4 4025 5323 91,68 58.08 : _
5 3198 4495 71,20 61 .41 '
! 6 2302 3602 61.21 5R .85 : 3
1 ? 2890 4190 67 .23 62,33 s
8 3132 4432 76.28 50,11 . b
, ‘ 9 2078 4278 76.76 55,73 » 4
‘ 10% 3901 5201 88,42 58 .69
; 11 3186 4486 85.04 52,76
i 12+ 228 4528 57.57 78.64
! 13 2803 4103 70.30 58,36
j | 14# 3482 4752 64,17 74.06 o
i ; 13 2398 3608 64,03 57.76 ;
i | 16 2824 4124 63,39 65,08 ]
il 17 2490 3790 . 67,10 56,48 : _
| 18 2844 4144 58,92 70,34 ! 5
! 19 2261 3861 62,29 57.16 ! )
20 3474 4774 78,08 60,47 ,
: 2. 2409 809 63449 59,99 | ’
: 22 2732 4032 6841 58.94 ]
’ : 2% 3677 4977 66,72 74,60 L
! ! 24 2698 3998 78.64 50.85 | ‘.
i ! 28 1800 5100 69.97 72,88 Ly
\ 26 2445 3765 66,31 36,78 8
b | 27 2932 4272 88.52 47,81 C
- { 28 2690 3990 71.32 55,98 L
d | 29 2786 4NR6 71.49 57,16 col
q ( 0% 6728 8625 77.2% 72.83 o
a 1 2586 I8R6 63,95 60,76 I
v | g 4216 8516 74 .04 74,50 Lo
I 13 3028 4328 62,26 59,52 b
¥ 4w 2977 4277 65.8) 64,08 L
= 38 2404 3704 70,55 52,50 L
- 36 1864 3168 58.21 84,43 L
37 2774 an74 6n.33 67.%2 o
N 18 2107 4207 73,70 57.09 L
: 19 2568 T8 66.51 58,11 b
i
t ﬁ.‘.:
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: APPENDIX D~2, Traineas with waight loss greater than ten percent-axps-
i rienced during jungle distary restriction phase. (Cont.)

Daily Energy Daily Energy Average Energy ﬁ

i Deficit Expenditure Weight Expenditure I

Lo Subjaect (kcal/day) (keal/day) (kg) (keal/kg) L

, L : i
: t f
; % ' 4on 3983 5253 68.83 76.31 3
p : 41 3049 4349 64 .92 66,99 §
’ : 42 3158 4658 68.30 68.19 k
i 43 3187 4487 72.76 61 .26 =
8 | 44 3216 4516 78.08 57.83 E
o e 45 1981 3281 62,67 52,34 i
! \ 46 2561 3861 69,22 55,78 g
i ‘ 47 3132 4432 68,83 64,39 ;
K | 48 2468 3748 68 44 55.04 F
. ; 49 3637 4937 78,30 63 .08 ]
’“ ; S0 4075 5375 66.46 80,87 ]
: 51 1689 2989 59.22 50.48 i

x 524 2932 4232 : 63.07 62.18 !

53 2nes 3165 63.72 52.80 i

I“ 54 2377 3677 67 A2 54,22 ‘g
‘ | - i
i [
* Trainees who barely maintained or loat weight during the Jungle Pre- § 3|

| Dietary Rastriction Phase. ! g
|
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